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Brit. med.J., 165, 2, [1289] [1290] [1291] The observation of a rise in multiple resistance to antibiotics in shigellae by Japanese workers, and their demonstration that this resistance could be transferred to other Enterobacteriaceae by conjugation (Ochiai et al., 1959; Akiba et al., 1960; Watanabe, 1963) , opened a new phase both in bacterial genetics and in the study of drug resistance in this group of organisms. Briefly, this type of resistance is transferred from cell to cell by resistance factors (R-factors), which have been postulated to consist of the genetic determinants for drug resistance (R-determinants), and resistance transfer factors (R.T.F.s). It has been assumed that the R-factors are cytoplasmic in location and that the communicability of the complex is dependent on the R.T.F.s, which are episomal in nature.
The drug resistance is usually multiple and is directed against the antibacterial drugs commonly used in human and veterinary medicine-for example, ampicillin (A), chloramphenicol (C), neomycin (N), kanamycin (K), streptomycin (S) , sulphonamides (Su), and tetracycline (T) . Work in the Enteric Reference Laboratory has been concerned particularly with transferable resistance in Salmonella typhimurium. Common resistance patterns currently found in this organism are: S T Su; A S T Su; and S T N K Su. To these combinations furazolidone resistance is now usually added in cultures of both animal and human origin. Anderson and Lewis (1965a) We have already pointed out (Anderson, 1965a; Anderson and Lewis, 1965a , 1965b , 1965c (Anderson, 1965b; Anderson and Lewis, 1965c) (Hayes, 1964) .
Experimental Work
A test has been devised for detecting transfer factors in strains of Enterobacteriaceae fully sensitive to drugs (Anderson, 1965b; Anderson and Lewis, 1965c and final recipients of the R-factors formed by combination between non-transferring R-determinants and the transfer factors. Although it was expected to encounter an exclusion effect, because the presence of a transfer factor in a strain obstructs superinfection with an R-factor which owes its mobility to the same transfer factor, it was found experimentally that the exclusion effect was not serious. The mating mixtures in these crosses consisted of drug-sensitive strains containing transfer factors (= donor-final recipient) and drug-resistant strains containing non-transferring R-determinants (= intermediate recipient). When the donor-final recipient was S. typhimurium, the intermediate recipient was a suitably selected strain of E. coli; when the donor-final recipient was E. coli, the intermediate recipient was a strain of S. typhimurium.
As an example of this technique, in a mixture containing a wild drug-sensitive strain of phage-type 29 of S. typhimurium carrying a transfer factor as the donor-final recipient, and E. coli K12F-carrying a non-transferring R-determinant for ampicillin resistance as the intermediate recipient, the S. typhimurium strain became resistant to ampicillin. The R-factor formed by the entry of the transfer factor of type 29 into the ampicillinresistant strain of E. coli K12 had infected the type 29 donor strain to make it resistant to ampicillin.
Discussion
The experiments reported above strongly suggest that the transfer factors and the R-determinants are initially independent, and also suggest a mechanism for the formation of R-factors in the wild state. It can be assumed that transfer factors are present in drug-sensitive E. coli and other Enterobacteriaceae, as well as in salmonellae in the animal and human intestine, and it has already been pointed out that strains of Enterobacteriaceae may carry non-transferring R-determinants. Contact between strains carrying these two components separately in the intestine of an animal host will lead to migration of the transfer factor into the strain carrying the non-transferring R-determinant, converting this into a transferable R-factor. The frequent presence in an animal of a drug to which a strain carrying a non-transferring R-determinant is resistant will confer a survival advantage on that strain, and will therefore result in its "enrichment " in relation to nonresistant organisms. The intrusion of a strain carrying a transfer factor into such a population will be followed by spread of the transfer factor throughout the resistant strain, with resultant conversion of the non-transferring resistance into transferable resistance by the formation of the respective R-factor. Thus, the free use of antibacterial drugs probably hastens the initiation and spread of transferable drug resistance.
The demonstration that strains donating transfer factors can also act as final recipients of the R-determinants mobilized by their transfer factors shows that transferable drug resistance can spread under natural conditions into the drug-sensitive donor strain responsible for its initial mobilization. Transfer factors were common in phage-type 29 of S. typhimurium before drug resistance became a serious problem in S. typhimurium. Although their presence indicates that type 29 was an efficient donor of transfer factors and mobilizer of R-determinants, the fact that drug resistance became a major problem in this same type establishes that the transfer factors operated to the benefit of their original donors by returning to them carrying the R-determinants.
The origin of the R-determinants is unknown. Because of the ease with which they are mobilized by transfer factors, it seems probable that they are cytoplasmic rather than chromosal in location at the time of their mobilization. On the other hand, Anderson and Lewis (1965c) have suggested that the tetracycline resistance o~f one of their strains of phage-type 29 of S .typhimuriurn was originally chromosal, and that the initial low-frequency transfer of this resistance to E. coli K12, which they observed, was a rare instance of the pick-up of the tetracycline-resistance gene from the chromosome by the transfer factor. Once mobilized, this resistance was transferred to recipient cells with a frequency approaching unity-a frequency similar to that of the transfer factor alone. There are two other possible origins of R-determinants: the spontaneous release of drug-resistance genes from the bacterial chromosome into the cytoplasm ; or the existence of intrinsically cytoplasmic determinants for drug resistance. If such cytoplasmic determinants exist, and there is a good deal of evidence to suggest that they do, a much wider range of bacterial characters than drug resistance may prove to have cytoplasmic as an alternative to chromosomal inheritance.
Whatever the origin of the R-determinants, they need not be initially common. The selective conditions provided by the widespread use of the antibacterial drugs to which they correspond are sufficient to guarantee their ultimate ascendancy. And the same conditions will ensure their eventual mobilization and spread by the transfer factors which seem to be widely distributed in the Enterobacteriaceae. The advantages offered by the antibiotics extend not only to the R-factors formed in this way, but also to the transfer factors, which often spread from strain to strain at a much higher frequency than the complete R-factors.
The nature of the transfer factors is a matter of conjecture. They are "infective," and we have shown that some of them produce specific changes in the phage-sensitivity patterns (phage-types) of host cells of S. typhimurium (Anderson and Lewis, 1965c) . These properties suggest that they are related to temperate bacteriophages. But their obligatory transmission between intact cells indicates that their structure is devoid of an independent invasion mechanism. There is evidence that the bacteria they inhabit may provide the structures necessary for their transmission, in the form of fimbriae or pili (Brinton et al., 1964 ; Meynell and Datta, 1965 At the age of 11 she had been admitted to a hospital in Greenland with haematuria, hypertension (blood-pressure 150/120 mm. Hg), and mild proteinuria, and a diagnosis of acute glomerulonephritis was made. She was readmitted at the age of 14 because of recurrent attacks of fever, headache, and vague abdominal pain for several months.
On admission she was febrile and complained of right-sided chest pain, and radiology showed some opacification in the costophrenic angle. The blood-pressure was 160/110 mm. Hg, the E.S.R. 33 mm./hour, and the urine contained a little protein, numerous red cells, and a few granular casts.
In August 1961, when she was 16, she was readmitted with a left facial paresis which never resolved. The blood-pressure was recorded 
